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(54) COMPOUND EYE TYPE OPTICAL SYSTEM 

(57)Abstract: 

PURPOSE: To provide a compound eye type optical system which makes possible 
high-resolution image pickup over a wide range with an extremely simple configuration 
while using plural photographic lens systems. 

CONSTITUTION: Respective imaging devices 14-16 are arranged corresponding to 
the image forming positions of respective photographic lenses 11-13 while using the 
plural respective photographic lenses 11-13 and the plural respective imaging devices 
14-16 corresponding to the respective photographic lenses 11-13. At the same 
timethese plural respective photographic lens systems are arranged so that the 
extended parts of respective optical axes 17-19 can be crossed at an almost 
coincident intersection 0 at leastand an angle 6 between some of the optical axes of 
respective photographic lens systems adjacent each other is set smaller than a sub 
6UH+6l>H of a half image angle to be covered by each photographic lens system. 



CLAIMS 



[Claim(s)] 

[Claim 1]It comprises two or more image sensors of each corresponding to two or 
more each taking lens and this each taking lensArrange each image sensor of each to 
an image formation position of each of said taking lensand and two or more of these 
taking-lens systems of eachA compound eye type optical system having made it 
arrange so that it may cross at an intersection whose extension of each optic axis 
abbreviated-corresponds at leastand setting an angle between optic axes of each 
taking-lens system which adjoins mutually below to the sum of a half-field angle 



which each taking-lens system of each covers. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]About the photographing optical system applied to a video 
cameraespeciallycombine and two or more taking-lens systems are used for this 
invention so that each photographing area may be each other interwoven with at the 
end and may be connected one by oneThe compound eye type optical system which 
carries out possible [ of the wide range photography which compounded each 
photographing area connected one by one as a result ] simultaneously is started. 
[0002] 

[Description of the Prior Art]What is necessary is making it just make the field angle 
of a taking-lens system extend generally by using what has a short focal distance for 
the taking lens applied to this video camerain order to photo a large area with a video 
camera. Howeverif a field angle is made large not much too much when the valid pixel 
number of the image sensor used together by this taking-lens system is restrictedthe 
inconvenience that the picturized picture is always no longer resolved exactly will be 
produced. 

[0003]Thenthe composition used combining an image sensor with many valid pixel 
numbers which is looked at by what is called Hi-Vision cameraand the taking-lens 
system of a wide field anglefor example as one means for moreover taking a 
photograph as expected with a large field angle is knownwithout reducing the 
resolution of the picture picturized. Drawing 9 is a composition explanatory view 
showing the conventional optical system layout for photoing the wide field angle range 
with the image sensor for Hi-Vision. That isin the composition of the drawing 9 1 1 1 is 
a highly efficient image sensor for Hi-Vision which has a valid pixel number of about 2 
million pixelsfor example. 

1 12 is a highly efficient taking lens corresponding to the Hi-Visionandin this 
composition2 omega of photographing field angles will be decided with the effective 
size of the image sensor 1 1 land the focal distance of the taking lens 112. 

[0004]As an example of a means to photo the same wide field angle ranges of 
otherFor examplea reflective mirror is arranged ahead of an imaging system as 
indicated by JP64-51761AAfter carrying out the control drive of this reflective mirror 
from the one end side one by one to the other end side by applicable wide field angle 
within the limits and incorporating the multiple image of this wide field angle within the 
limits by time sharingthe method of obtaining the taken image covering the target 
large area is by combining each of these pictures. 



[0005] . 

[Problem(s) to be Solved by the InventionjHoweverin the former method used 
combining an image sensor with many [ as mentioned above ] valid pixel numbersand 
the lens system of a wide field angle, since what has it is required — the any — 
although — it becomes a high cost and is not desirable practically. [ very expensive 
the image sensor 1 1 1 with many these valid pixel numbers and also highly efficient to 
the taking lens 112 corresponding to this ] 

[0006]In the method of the latter whichon the other handcarries out the control drive 
of the reflective mirror ahead of the imaging system indicated by JP64-51761Athe 
technical problem that the image pick-up of applicable within the limits takes timeand 
also the drive mechanism of a reflective mirror and a drive control system become 
complicated occurs. 

[0007]The place which it was made in order that this invention might cancel such a 
conventional problemand is made into the purpose is providing the compound eye 
type optical system which enabled the image pick-up of a large area with high 
resolution by easy as much as possible composition using two or more taking-lens 
systems. 
[0008] 

[Means for Solving the Problem and its Function]In order to attain said purposea 
compound eye type optical system concerning this inventionit comprises two or more 
image sensors of each corresponding to two or more each taking lens and this each 
taking lensArrange each image sensor of each to an image formation position of each 
of said taking lensand and two or more of these taking-lens systems of eachit is 
made to arrange so that it may cross at an intersection whose extension of each 
optic axis abbreviated-corresponds at leastand is characterized by setting an angle 
between optic axes of each taking-lens system which adjoins mutually below to the 
sum of a half-field angle which each taking-lens system of each covers. 
[0009]Thenwith reference to drawing 1 and drawing 2 it states in detail among an 
accompanying drawing about the feature of this invention. 

[0010] Drawing 1 is a composition explanatory view showing typically a concept of a 
compound eye type optical system concerning this inventionand drawing 2 is an 
explanatory view showing an example of a synthetic mode of each imaging screen in 
the compound eye type optical system. 

[001 1]Namelyin composition of an optical system shown in drawing 1 1 1 12and 13In 
this caseit is each three taking lensand 141 Sand 16 show an image sensor (each valid 
pixel number n) to each which is arranged in an image formation position 
corresponding to these each taking lenses 1 1 12and 13and constitute two or more two 
or more imaging systems by these. The optic axes 171 Sand 19 of each taking-lens 
system are in agreement by one point 0 common to mutualand the angle theta which 
each optic axis makes is slightly set up small rather than 2omega of horizontal- 
angles-of-view ^ which each taking-lens system addressed to said one covers. 



[0012]Nextrelation between a field angle range photoed by said each taking-lens 
system of each and a field angle range which can be picturized by each whole imaging 
system is shown in drawing 2 and in being this drawing 2 . In order to make intelligible 
relations mutual [ these ] including a case of each example described latent has 
drawnwhere each imaging screen range is able to be shifted up and down a little. In 
this drawing 2t he ranges 2021 and 22 enclosed with a solid line are imaging screen 
ranges which each imaging system of each takes charge ofand shadow areas 
produced by compounding each of these imaging screen ranges 2021and 22 are all the 
imaging screen ranges 23 which can be picturized eventually. And it is horizontal 
angles of view of each taking-lens system of eachandas for a size which said each 
imaging screen ranges 202 land 22 showed caudadthe angle theta which an optic axis 
of each taking-lens system which adjoins mutually makes has become below peace 
omega^+omegaH of a half-field angle which this each taking-lens system covers here. 
Said each imaging screen ranges 20 and 21 and 21 and 22 use an electric technique 
for composition of a picture which has a portion which overlaps each and was 
picturized by said each image sensors 141 Sand 16. 

[0013]thereforea total even if according to composition of above-mentioned this 
invention horizontal angles of view in each imaging system of each are 2omegaH even 
if and the pixel number is n pixelafter compounding these — if. Effective horizontal 
angles of view near abbreviated Somega^ and a valid pixel number near an abbreviated 
3n pixel can be obtainedand moreovereach taking lens and each image sensor are 
comparatively easy and cheapand it can finish, moreover — although an example in a 
case of using combining three imaging systems horizontally was described in this 
explanation — after — each — much more effective operation and effect are 
acquired by fluctuating and combining the number of imaging systemsor combining 
each imaging system in three dimensions etc. so that it may state as another example. 
Although this invention is arranged so that it may cross at a place whose optic axis of 
two or more taking-lens systems of each abbreviated-correspondedand an angle 
which an optic axis of each taking-lens system which adjoins mutually makes is 
characterized by being below the sum of a halfHleld angle which each taking-lens 
system of each which this adjoins coversWhen not satisfying this 
conditionphotographing areas in each imaging system do not overlap goodbut it 
becomes impossible to obtain a perfect synthetic imaging screen. In said each taking- 
lens systemeven if each half-field angles differ mutuallythere is no problem in 
particular. 
[0014] 

[Examplejthe compound eye type optical system which starts this invention hereafter 
— each — with reference to drawing 3 t hru/or drawing S it states about another 
example. 

[00153 1st example . drawing 3 is a composition explanatory view showing typically the 
concept of the compound eye type optical system which applied the 1st example of 



this invention. 

[0016]The 1st example is three imaging systems what was combined horizontallyand 
to each taking lens 3132and 33 of each. To each image sensor 3435and 36 of each 
put on the image formation position of each of these taking lenses 3132and 33using 
the triplet which is an easy lens system. For exampleahead of these each image 
sensors 3435and 36the optical low pass filters 3738and 39 are further arranged at 
each using CCD (1/2 inch and 400000 pixels). 

And the optic axes 4041 and 42 of each taking-lens system cross mutually at the 
common intersection 0. 

And the spec, of each of said taking-lens system in the 1 st example composition may 

be as follows in this case. 

focal distance of each taking-lens system. Horizontal angles of view of f= 1 5-mm 
each taking-lens system Level image height of 2omegaH=24-degree each taking-lens 
system IHh= — the optic axes 4041 and 42 of each of said taking^lens system lean 
mutually at the angle of every 22 degrees 3.2 mm again. 

And said intersection 0 is set as the place distant 50 mm from said each image 
sensors 3435and 36. 

[0017]Thereforeif each picture of each picturized by each imaging system is combined 
electrically in the 1st example compositioneventually68-degree horizontal angles of 
viewthe wide angle range near 1200000 pixelsand a highly precise image pick will be 
obtained by the principle explained in above-mentioned drawing 2 . What is necessary 
is Just to let out each taking lenses 3132and 33 the specified quantity every 
altogether in the 1 st examplewhen a photography object is in limited distance and a 
focus needs to be performed. When the space which each image sensors 3435and 36 
monopolize is large and a space is insufficientBeing able to secure an applicable 
space easily by detaching further the distance from each of these image sensors 
3435and 36 to the intersection Othese are applied also to each example described 
below. 

[0018] 2nd example .next drawing 4 are the composition explanatory views showing 
typically the concept of the compound eye type optical system which applied the 2nd 
example of this invention. 

Drawing 5 is an explanatory view showing the synthetic mode of the imaging screen in 
the compound eye type optical system. 

[0019]The 2nd example is what combined every two imaging systems [ two / a total 
of four ] of every perpendicularly in three dimensions horizontallyBy being put on 
each taking lenses 51 and 52 arranged on each at the right and left of the upper part 
and the bottom and 53 and 54and the image formation position of each of these 
taking lenses 515253and 54and using 1/2-inch 400000-pixel CCD like the case of a 
precedent. It has each image sensors 55 and 56 arranged on the right and left of the 



upper part and the bottomrespectivelyand 57 and 58. 

And the optic axes 59 and 60 of each taking-'lens system of eachand 61 and 62 cross 
mutually at the common intersection O. 

In the case of the 2nd examplethe graphic display abbreviation has been carried out 
about the optical low pass filter. And the spec, of each taking-lens system in the 2nd 
example composition may be as follows in this case. 

focal distance of each takinff-lens system Horizontal angles of view of f= 12-mm each 
taking-lens system Vertical field angle of 2omegaH=30-degree each taking^lens 
system Level image height of 2omegav=23-degree each taking-lens system Vertical 
image height of IHH=3.2-mm each taking-lens system IHv= — 2.4 mm againThe optic 
axes 59 and 60 of each of said taking-lens system and each of 61 and 62 incline at 
the angle of every 28 degrees horizontallyand lean mutually at the angle of every 21 
degrees perpendicularly. 

And said intersection 0 is set as the place distant from said each image sensors 55 
and 56and 57 and 58 70 mm. 

[0020]Thereforewhen each picture of each picturized by each imaging system also 
here is combined electrically in the 2nd example compositionit is what can obtain an 
imaging screen as shown in drawing 5 The wide angle range eventually near 1600000 
pixels of abbreviation picturized by horizontal angles of view of 58 degrees and the 
vertical field angle of 44 degrees and a highly precise image pick are obtained. 
Namelyin drawing 5 6364and 65 and 66 are imaging screen ranges acquired by the 
imaging system corresponding to each taking lenses 51 and 52 and each taking-lens 
system of 53 and 54 which are allotted to the right and left of the upper part and the 
bottomrespectively. 

According to such an optical systemthe wide field angle equivalent to Hi-Vision and a 
high definition image pick are obtainedusing the conventional NTSC imaging system. 

[0021 ] 3rd example .next drawing 6 are the composition explanatory views showing 
typically the concept of the compound eye type optical system which applied the 3rd 
example of this invention. 

Drawing 7 is an explanatory view showing the synthetic mode of the imaging screen in 
the compound eye type optical system. 

[0022]The 3rd example is that which combined two with the horizontal upper part and 
the bottom at a time and to which it combined three imaging systems [ a total of 
seven ] perpendicularly in three dimensions in the middleWith each taking lenses 71 
and 72 arranged on the upper partmiddleand a lower longitudinal 
directionrespectivelyand 7374 and 75to it to 76 and 77. Each image sensors 78 and 79 
which are put on the image formation position of each of these taking lenses 
7172....77 using the simplest single lens and which were arranged on the upper 



partmiddleand a lower longitudinal directionrespectively808182and CCD (1/4 inch and 
60000 pixels) (for examplesquare shape) obtained very cheaply and easily by it 83 and 
84 are used. 

And the optic axes 8586....91 of each taking-lens system of each cross mutually at 
the common intersection 0. 

Also in the case of the 3rd examplethe graphic display abbreviation of the optical low 
pass filter has been carried out. And the spec, of each of said taking-lens system in 
the 3rd example composition may be as follows in this case. 

focal distance of each taking-lens system Horizontal angles of view of ^ 10-mm each 
taking-lens system Vertical field angle of 2omegaH=14-degree each taking-lens 
system Level image height of 2omegav=14-degree each taking-lens system Vertical 
image height of IH^^=1.2-mm each taking-lens system IHv= — 1.2 mm againBoth the 
optic axes 8586....91 of each of said taking-lens system are giving inclination of the 
angle of every 1 3 degrees mutually to the horizontal direction and the perpendicular 
direction at each. 

And said intersection 0 is set as the place distant 40 mm from said each image 
sensors 7879....84. 

[0023]Thereforewhen each picture of each picturized by each imaging system also 
here is combined electrically in the 3rd example compositionit is what can obtain an 
imaging screen as shown in drawing 7 The wide angle range eventually near 420000 
pixels of abbreviation picturized by 40-degree horizontal angles of view and the 
vertical field angle and a highly precise image pick are obtained. In drawing 7 9293....98 
are each imaging screen range of each acquired by each imaging system which is 
equivalent to each at each taking-lens system of each taking lenses 7172....77. 
In this each imaging screen rangeit has an overlapped part (graphic display 
abbreviation) in the dotted-line display equivalent part. 

[0024] 4th example .next drawing 8 are the composition explanatory views showing 
typically the concept of the compound eye type optical system which applied the 4th 
example of this invention. 

[0025]The 4th example is what combined two imaging systems horizontallyand has 
each taking lens 101102 of each and each image sensor 103104 of each put on the 
image formation position of each of this taking lens 1011 02 via each reflective mirror 
105106 which makes each optic axis crooked on the way. 

The optic axis 107108 of each taking-lens system crosses this each image sensor 
103104 at the common intersection 0 mutually virtuallyfor exampleusing CCD (1/2 
inch and 400000 pixels). 

Also in the case of the 4th examplethe graphic display abbreviation of the optical low 
pass filter has been carried out. And the spec, of each of said taking-lens system in 
the 4th example composition may be as follows in this case. 



focal distance of each taking-lens system. Horizontal angles of view of f= 7-mm each 
taking-lens system Level image height of 2omegaH=49-degree each taking-lens 
system IHh= — the optic axis 107108 of each of said taking-lens system leans at the 
angle of 30 degrees horizontally 3.2 mm again. 

And said intersection 0 is set as the place distant 20 mm from said each reflective 
mirror 105106. 

[0026]Thereforeif each picture of each picturized by each imaging system is combined 
electrically in the 4th example compositioneventually79-degree levela vertical field 
angle and the wide angle range near 650000 pixelsand a highly precise image pick will 
be obtained. And since it will become easy to avoid the mechanical interference of 
each of said image sensor 103104 if the optic axis 107108 of each of said taking-lens 
system is made crooked by said each reflective mirror 105106 like the 4th 
exampleThe position of said intersection 0 can be brought close to an optical 
systemand the compact composition of this whole imaging system is attained [ as a 
result ]. It is effective also in each above-mentioned example composition to 
* constitute so that the optic axis of each taking-lens system may be made crooked in 
this way on the other hand. Since comparatively many angles of the area part which 
said each taking-lens system overlaps are taken with about 19 degrees in the 4th 
example compositionin each concerned area. Substantial picture element density may 
be increased easilyit is also possible to obtain the image pick by high resolution much 
moreand it is also possible to perform AF using azimuth difference from the image 
pick data of this field further. 
[0027] 

[Effect of the Invention]As explained in full detail according to each example 
aboveaccording to the compound eye type optical system concerning this invention. 
Two or more image sensors of each corresponding to two or more each taking lens 
and each taking lens are usedArrange each image sensor of each to the image 
formation position of each taking lensand and two or more of these taking-lens 
systems of eachMake it arrange so that it may cross at the intersection whose 
extension of each optic axis abbreviated-corresponds at leastand. Since the angle 
between the optic axes of each taking-lens system which adjoins mutually was set 
below to the sum of the half-field angle which each taking-lens system of each 
coversonly according to two or more taking lenses of each and the very easy 
composition by each image sensorThe image pick of the wide field angle range of 
desired and high resolution can be obtained easilyand it has the feature which was 
excellent in the ability to use a comparatively cheap thing for each taking lens of each 
and each image sensor moreover. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a composition explanatory view showing typically the concept of the 
compound eye type optical system concerning this invention. 
[Drawing 2] It is an explanatory view showing the synthetic mode of the imaging 
screen in the compound eye type optical system. 

[Drawing 3] It is a composition explanatory view showing typically the concept of the 
compound eye type optical system which applied the 1 st example of this invention. 
[Drawing 4] It is a composition explanatory view showing typically the concept of the 
compound eye type optical system which applied the 2nd example of this invention. 
[Drawing 5] It is an explanatory view showing the synthetic mode of the imaging 
screen in the compound eye type optical system. 

[Drawing 6] It is a composition explanatory view showing typically the concept of the 
compound eye type optical system which applied the 3rd example of this invention. 
[Drawing 7] It is an explanatory view showing the synthetic mode of the imaging 
screen in the compound eye type optical system. 

[Drawing 8] It is a composition explanatory view showing typically the concept of the 
compound eye type optical system which applied the 4th example of this invention. 
[Drawing 9] It is a composition explanatory view showing the optical system layout for 
photoing the wide field angle range with the image sensor for the conventional Hi- 
Vision cameras. 
[Description of Notations] 
1 1 -1 331-3351-5471 - 771 01 1 02 taking lens 
14-1634-3655-5878 to 84103104 image sensor 

The optic axis of a 17-1940-4259-6285 - 91107108 taking^lens system 

20-2263-6692 - 98 imaging-screen range 

23 All the imaging screen ranges which can be picturized 

37 - 39 optical low pass filter 

105106 Reflective mirror 

Horizontal angles of view of a 2omegaH taking-lens system 

O The intersection of the optic axis of a taking^lens system 

The angle between the optic axes of each taking-lens system of which theta 

contiguity is done 
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